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Introduction 


The recently announced DOE policy statement on the development 
of fusion energy places increased emphasis on the testing of 
promising alternate concepts. More specifically, this policy 
suggests comparisons of promising alternatives with tokamaks and 
mirrors in the mid 1980's. In order to make these concept 
comparisons, it is necessary to extend greatly the scientific 
data base for the alternate concepts toward the reactor regime 
to provide significant experimental tests. These significant tests 
have been designated as proof-of-principle (POP) experiments and 
have most of the important dimensionless parameters in or near the 
reactor regime. A POP experiment for an alternate concept can be 
considered the scientific equivalent of PLT in the tokamak program. 

The initiation of POP programs has been divided into a two-step 
process. The first step is a policy making step: concept selection 
as addressed by the review described in this report. The second 
step, selection of contractors to fabricate and operate POP 
experimental devices, is a procurement action, and is presently 
underway« 

A DOE Concept Review Committee (CRC) was established to examine 
candidate concepts for POP experiments and to make recommendations 
to the Director of the Office of Fusion Energy on concept selections 
for initiation of POP experiments to begin operation before the mid 
1980's. Membership on the CRC consisted of: 

J. F. Decker (Chairman) 

W • F. Dove 
W. R. Ellis 
R. Kostoff 
J. Mayo 
E. Oktay 

At the outset, a wide spectrum of recommendations seemed possible — 
one extreme being that several concepts are very promising and are 
ready to make the move immediately to a POP experiment; another 
extreme being that no concept is sufficiently advanced or promising 
to be recommended for a POP program at this time. The whole spectrum 
of possible recommendations between those two extremes was considered. 

The CRC solicited nomination of concepts for POP consideration from 
contractors, noncontractor institutions known to be interested in 
magnetic fusion and the general public via mailings and with an 
announcement in the Federal Register in August, 1978. This 
solicitation invited maximum public input for the concept selection 
process. Written material on candidate concepts was submitted to the 
CRC and its advisors and technical consultants by proponents and other 
interested parties during September and October 1978. Oral 
presentations were heard from concept proponents in a public 
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Following the public meeting, the technical consultants and 
advisors provided technical advice and input to the CRC by 
(1) evaluating each concept for eligibility for a Proof-of- 
Principle experiment at this time, and (2) by answering specific 

questions on: 

# the reactor desirability of the concept 

© the physics and technology confidence in 
both the reactor and the POP experiment 

# cost and schedule data for the POP experiments 

Based on consideration of the above information and some 
programmatic issues, the CRC developed its own findings and 
recommendations® These recommendations were forwarded to the 
Director of the Office of Fusion Energy, DOE, on October 27, 1978. 

The CRC recommendations were approved by the Director, in 
November, 1978, and concurred in by the senior management of DOE 
in December 1978. These recommendations thus constitute the policy 
of DOE and ETM with regard to “level 1 9S alternate fusion concepts. 

The purpose of this report is to publicize the CRC recommendations, 
and to provide background information on the concept review 
process and the role of level-1 (proof of principle) experimental 
activities within ETM's alternate concepts program. 

The report is organized as follows: 

Section II contains a discussion of the meeting procedures used 
on October 16-18, 1978, and the rules employed for technical 
consultants and advisors to the CRC. 

Section III contains a discussion of the CRC recommendations and 
some of the factors taken into consideration by the Committee. 

Section IV briefly discusses “where do we go from here?“ in 
BOE's alternate concepts program. 
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The Federal Register announcement of the October 16-18, 1978 meeting 
is given in Appendix A* The text of the opening remarks by the CRC 
Chairman is given in Appendix B. A full reproduction of the CRC 
recommendations is given in Appendix C. 

11 • Procedures followed at the October 16-18, 1978 Review Meeting 
A® Federal Register Announcement - see Appendix A® 

A few points should be made to emphasize the procedures 
announced in the Federal Register for the Alternate Concepts 
Review Meeting® 

1® The meeting was set up to deal with concept evaluation and 
review, and specifically excluded contractor or site evaluation and 
review® The purpose of the meeting was to determine policy matters 
and not to deal with procurement ® 

2® Proposals were not solicited, or accepted , as a part of this 
review process. All material submitted was for the use of the CRC 
in reaching its determinations. Further, it was announced at the 
start of the meeting (see Appendix B) that proposals dealing with 
any of the concepts under review would not be reviewed, or even read, 
by members of the CRC until the completion of the committee's work. 

3® The Concept Review Committee and DOE did no pre-screening of 
concepts for consideration at this review. All presenters who asked 
for consideration were given a place on the agenda® It was clear 
following the presentations that some of the concepts presented were 
not in a defensible position for a major proof-of-principle experimei 
being insufficiently developed or otherwise ineligible for participal 
according to the guidelines published in the Federal Register Announc 
Accordingly, an eligibility test was applied to each concept (descril 
in more detail below). 

B® Advisors 


The CRC utilized an in-house group of advisors from within the 
Office of Fusion Energy to aid them in (1) formulating the concept 
review process, (2) selecting technical consultants, (3) developing 
concept selection criteria, and (4) aiding the CRC in its analysis® 
The technical advisors are listed below: 

R® Blanken - Division of Magnetic Confinement Systems 
C® Head - Division of Development and Technology 
A. Kadish - Division of Applied Plasma Physics 
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C. Technical Consultants 


In addition to the DOE advisors, the CRC utilized a group 
of technical consultants from universities, industry, utilities 
DOE laboratories, and foreign research centers. The consultant! 
were chosen for their expertise in plasma physics, fusion reacts 
designs, and fusion related technologies. Their detailed 
evaluations of the concepts were a major source of input to the 
CRC in reaching its conclusions • The technical consultants are 
listed below: 

N. Amherd - Electric Power Research Institute 
C« Baker - Argonne National Laboratory 

I. Bernstein - Yale University 

A* DeSilva - University of Maryland 

J. Gilleland - General Atomic Company 
H. Grad - New York University 

V. Granatstein - Naval Research Laboratory 

W. Grossmann - New York University 
R. Hancox - Culham Laboratory 

C. Hartman - Lawrence Livermore Laboratory 

D* Kearny - General Atomic Company 

R. Kribel - Auburn University 

J. Leiss - National Bureau of Standards 

R. Lovberg - University of California, San Diego 

E. Puhn - General Atomic Company 

M. Rosenbluth - Institute of Advanced Study 

A* Smith - Pacific Gas and Electric Company 

A. Ware - University of Texas 

Procedural matters were also discussed in the introductory 
remarks by the CRC chairman, Dr* J. F. Decker, on October 16, 1! 
The meeting was then turned over to Dr* P. Stone, who presided 
over the remainder of the meeting * Dr * Decker's remarks are 
reproduced in Appendix B• 

D« Concept Selection 

A total of nine concepts were presented to the CRC at the 
meeting for consideration* These nine were the: 



LIST OF PRESENTERS AND CONCEPTS 


CONCEPT 


ORGANIZATION 


DIWELLOR 

EBT 

PLASMA-MANTLE-KERNEL 
ION LAYER 

LINEAR MAGNETIC FUSION 
MULTIPOLE/SURMAC 
PYROSPHERE 
REVERSED FIELD PINCH 
STELLARATOR/TORSATRON 


FUSION ENERGY CORPORATION 
ORNL/TRW INC/MCDONNELL DOUGLAS 
PROMETHEUS INC® 

INDIVIDUAL 
MSNW INC® 

UCLA/TRW INC/WISCONSIN 
PYROSPHERE INC® 

LASL 

MIT/WIS CONSIN/PPPL 


The EBT, Stellarator/Torsatron, RFP, and Multipole/Surmac 
had more than one institutional proponent and in these cases 
different approaches to the POP experiments were discussed. 

The CRC believes that all alternate concepts which are serious 
contenders for a POP-level test at this time (and some which were 
not) were considered in this review® 


The technical consultants were requested to evaluate each 
candidate concept on the basis of (1) basic eligibility for 
a proof-of-principle test, (2) reactor attractiveness, 

(3) physics confidence, (4) technology confidence, and 
(5) cost and schedule® The consultants were divided into 
three groups according to their expertise and background 
to address areas (2)—(5). The CRC and its advisors met with 
the technical consultants on October 16 prior to the public 
meeting. At this meeting each consultant was provided with 
written instructions for evaluating each of the five areas. 

In addition, some verbal instructions were given, as follows: 

• Each consultant was requested to provide individual 
comments rather than group evaluation. 

• Each consultant was requested to evaluate the basic 
eligibility of the concept. 

• Each consultant was requested to concentrate on the 
specific area of evaluation to which he was assigned 
although his comments on other areas would be welcome. 

• It was recommended that the consultants in evaluating 
their assigned area should concentrate on those 
concepts which they believed would pass the basic 
eligibility test® 
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The primary reason for these instructions was to reduce the 
total number of issues to be addressed by each individual 
consultant and thereby improve the quality of the contributions® 

Following the public meeting on October 18, the consultants 
divided into three groups (dealing with physics issues, reactor 
issues, and technology issues) to discuss issues related to their 
particular area of concern. These groups also met for a brief time 
on October 19. Some of the consultants remained through October 20. 

A CRC member attended every meeting of the consultants• Following 
the division of the consultants into three separate working groups, 
one member of the CRC attended each group in the capacity of chairman. 
Following the group meetings, the consultants completed their 
individual assessment of each concept and submitted them to the CRC. 


Following the meetings with the consultants and advisors, the 
CRC met in executive session for seven days, beginning on 
October 19. During this time, the CRC studied the available 
documentation, consultants questionnaires, advisors' reports, 
and comments from the public (received before and after the 
public meeting), and prepared its report. 

The CRC submitted unanimous recommendations to the Director of 
the Office of Fusion Energy on October 27, 1978 (see Appendix C) ® 


II. Discussion of CRC Recommendations 


The evaluation of candidate concepts was handled in a two-step 
process. In the first step, candidate concepts were judged 
on the basis of their eligibility according to the ground rules 
covered in the August 1978 Federal Register Announcement. The 
second step, inherently more complex, involved a judgement as 
to whether the concepts which were eligible were in fact 
attractive enough and well developed enough to justify initiating 
a proof-of—principle program at this time. These evaluations are 
discussed in more detail below. 
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A. Eligibility Evaluation 

The essence of the eligibility requirement was that a 
concept be sufficiently mature, from a technical standpoint, 
that a proof-of-principle experiment at this time could be 
regarded as a logical next step in the concept's development. 
Concepts requiring an intermediate experiment or other research 
to define the critical issues before a proof-of-principle 
experiment could be designed with reasonable confidence were 
explicitely excluded from this review by the Federal Register 
Announcement. Most proponents of alternate concepts abided by 
this rule. At the public meeting, however, it was evident 
that some presentations included ideas which had received as 
yet little or no experimental verification. The first test given 
to all candidate concepts was, therefore, a basic eligibility 
test, worded as follows: 

"Determine if the concept as presented: 

1. Appears to show promise for a fusion reactor and does 
not (clearly) fall within the tokamak or mirror fusion 
programs. 

2. Does not require an intermediate step to define critical 
issues• 

3. Possesses sufficient definition of critical issues to 
allow specification of definitive tests; has a physics 
data base which is deemed sufficient to allow design 
of a POP experiment which has a reasonable probability 
of providing a definitive test of the concept. 

4. Can be operated in the 1982-83 time frame." 

All nineteen consultants were asked to apply the eligibility 
test to each of the nine concepts reviewed. The results are 
given in the following table: 
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Eligibility Test 
(Is the Concept Eligible?) 
(Tabulation of Consultants' Votes)* 


Concept 

Yes 

Uncertain 

No 

EBT 

17 

i 

0 

RFP 

13 

i 

3 

Stellarator/ 




Torsatron 

8 

0 

10 

LMF 

6 

0 

10 

Multipole/Surmac 

2 

0 

15 

Ion Ring 

0 

0 

13 

PMK 

0 

0 

17 

Diwellor 

0 

0 

17 

Pyrosphere 

0 

0 

17 

(*The varying numbers 

reflect 

the actual 

number 

questionnaires turned 

i in.) 




The evaluations of the CRC members and the DOE advisors were 
in good agreement with those of the consultants on the question 
of eligibility® As a result of these eligibility evaluations, 
the CRC classified the nine candidate concepts into three 

categories as follows: 

• First Category — those concepts judged to be potentially eligible 

for a proof-of-principle experiment by an over¬ 
whelming majority of the CRC members and its 
consultants and advisors* Two concepts - EBT and 
RFP - fall into the First Category* 

m Second Category -those concepts whose readiness for a proof-of- 

principle experiment at this time is more 
questionable on technical grounds. Two concepts 
- Stellarator/Torsatron and LMF - fall into 
the Second Category* 

# Third Category — those concepts judged definitely not ready for 

a proof-of-principle experiment at this time* 

Five concepts — Multipole/Surmac, Ion Ring, 

PMK, Diwellor, and Pyrosphere — fall into the 
Third Category. 
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The remainder of the remarks in the CRC recommendations, and 
in the present discussion of these recommendations, is limited 
to the concepts which fall into the First and Second Categories: 
EBT, RFP, Stellarator/Torsatron, and LMF. 

B. Desirability Evaluation 

The relative merits of the EBT, RFP, Stellarator/Torsatron, 
and LMF concepts as fusion reactors were considered by the CRC 
and its advisors and consultants. 

After a consideration of all factors, the CRC reached 
the following conclusions: 

1. EBT 


An aggressive but systematic course of action leading to 
an EBT POP experiment should be initiated. The CRC 
recommended (a) expansion of the existing theoretical, 
experimental and reactor study programs, (b) initiation 
of design activities for an EBT POP experiment, and 
(c) support for the necessary gyrotron microwave tube 
development• 

The CRC recommended that EBT design studies proceed on 
the assumption that the scheduled near-term EBT-S scaling 
studies will be successful. The design studies should 
allow for both ECRH and direct ion heating, including 
rf and neutral beams. An early test of rf ion heating 
on EBT-S should be examined. No funds should be committed 
to POP device fabrication until all device options have 
been thoroughly examined and agreement is reached with DOE 
on basic design features. A thorough peer review of the 
proposed EBT POP facility should be conducted. All available 
cost—saving methods should be considered to reduce required 
DOE funding commitments. 


i 
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2. RFP 

Research on the RFP should be continued at LASL with the 
completion and operation of ZT-40, because of its potential 
contribution to the fusion program* However, it is the CRC's 
recommendation not to initiate a large RFP POP program in 
the U*S * at this time because the CRC finds the RFP to be less 
attractive overall than the EBT as a reactor concept* 

The Advanced Fusion Concepts Branch should work with LASL 
to examine the goals of ZT-40 to assure maximum relevance 
to the RFP program. The RFP configuration is near a minimum 
energy state for the combined plasma/magnetic field system 
and should provide important fundamental information on 
axisymmetric toroidal confinement and configurations (such as 
for Tokamak) which could improve our designs for reactor 
configurations. Also, the RFP offers an important potential 
advantage of ohmic heating to ignition, which should be 
exploited. 

In the U.K., the RFX device at Culham (est. approximately 
$2QM) is awaiting final approval. The next step in the RFP 
program beyond ZT-40 and HBTX-1A might be filled by RFX. 

The CRC recommended that cooperation between the U.S. and the 
U.K. (or Euratom as appropriate) be explored for RFP research. 
A maximum cooperation might include direct U.S. support for 
RFX in the form of diagnostics, hardware, and/or personnel. 

If the U.S. contribution to RFX is to be large, then RFX 
should be redesigned to carry up to 3-4 MA as a step to ensure 
a true POP-level test of the concept. This DOE collaboration 
with the RFX program could lead to maximum results with 
minimal investment of U.S. DOE funding. 

3. S/T and LMF 


Further research is needed to resolve some key issues on both 
LMF systems and Stellarator/Torsatron before proceeding further 
with these concepts. Both concepts are possibly qualified 
for POP experiments in some respects, and therefore, during the 
coming months the Advanced Fusion Concepts Branch should further 
evaluate available options and determine an appropriate course 
of action for these concepts as part of the management of the 
alternate concepts program. 



4. Other 


The other five concepts, i.e., Ion Rings, Pyrosphere, 
Diwellor, P la sma-“Mantle*-Kernel (PMK) , and Multipole/Surmac 
(M/S), having been judged not ready for POP experiments at 
this time, should be handled as part of the routine alternate 
concepts program management (see Section IV) . 

-k’kirk'k'k’kii'k'k'k'k-k'k 

With respect to First and Second Category concepts, the CRC furtl 
noted the following points: 


EBT 


EBT offers a number of features that potentially may lead to 
an attractive fusion reactor# Among these are: steady state 
operation, modularity, easy access for maintenance, simple 
magnetics, absence of axial current (i.e., removal of one source 
of free energy), absence of disruptions, and potential availabil: 
of several heat options. Some disadvantages of an EBT reactor ai 
scaling laws which may preclude small unit sizes (i. e., less thai 
750 MWe), possible difficulties with ash and impurity control 
which could preclude steady state operation, and the necessity 
of driving the rings continuously. The EBT reactor was judged t< 
be attractive in DOE's 1977 evaluation of alternate concepts 
and was again judged to be so by the CRC's consultants® The EBT 
reactor shows promise for overcoming some of the alleged 
disadvantages of tokamak reactors, namely pulsed operation, poor 
access, and difficult maintenance. 

Examination of the proposed POP experiments indicates that 
the critical physics issues of the EBT concept are well defined 
and that the POP experiment can be designed to test all or nearly 
all of the critical issues. Further important experimental 
results from EBT-S are expected in the near future. The main 
technology concern of the POP experiment which could adversely 
affect the schedule is the development of high power, high 
frequency ('u 100 GHz) CW gyrotrons for electron cyclotron plasma 
heating (ECRH)• 

There are several important programmatic considerations 
associated with initiation of an EBT POP experiment. At the 
present time, only two bumpy torus devices employing EBT 
features exist, EBT-S at ORNL and a bumpy racetrack device at 
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Nagoya, Japan. The U.S. program has pioneered this concept 
and there are no known plans to initiate large POP-type 
EBT experiments in other countries to make major contributions 
to the development of this concept. There are several spinoffs 
from an EBT POP experiment that would benefit the rest of the 
U.S. magnetic fusion program: (1) the high frequency gyrotrons 
would be useful for tokamaks and other concepts; (2) operation 
of a significant sized toroidal system with superconducting 
toroidal field magnets would benefit other toroidal concepts; 
and (3) steady-state operation of a confinement device with 
hot fusion-grade plasmas would address physics and technology 
issues associated with long-pulse device operation. 

In the alternate concepts program, the CRC found the EBT 
to be the most ready for a POP test at this time. The CRC found 
the EBT to be a truly alternate toroidal concept, and to have 
desirable reactor features that potentially make it more 
attractive than a tokamak. The CRC noted that an EBT POP experiment 
will provide several important programmatic benefits to the rest 
of the fusion program, through operation of a steady-state, hot 
plasma confinement device, operation of superconducting toroidal 
field magnets, and the development of high frequency and radio 
frequency heating technologies. 


RFP 


An RFP reactor was found to have certain attractive features 
such as the possibility of ohmic heating to ignition, batch burn 
capability (which eases refueling and ash removal), low stresses 
on the superconducting coils, better accessability than tokamaks, 
and low probability of disruptions. However, there are some 
offsetting disadvantages: a single heating method (ohmic) with 
no viable backups at this time, the requirement of an efficient 
energy transfer system, the need for feedback control during 
startup, the close proximity of the Cu shell to the plasma, 
anticipated difficulties with cyclic fatigue, and uncertainties 
in how to control wall impurities. The net result is that, while 
the RFP reactor may offer some significant alternatives, it does 
not appear to offer clearly substantial engineering advantages 
over tokamaks. This assessment could change if RFP physics 
experiments prove very successful and/or innovative engineering 
designs improve the reactor configuration. 
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The RFP, however* is of considerable interest from a physics 
viewpoint• Specifically, the RFP configuration is near a 
minimum energy state for the combined plasma /magnetic field 
system and may well provide important, fundamental information 
on axisymmetric toroidal confinement configurations (of which 
the tokamak is one) which could change our approach to reactor 
designs for such systems• The RFP POP experiment as discussed 
by LASL personnel, would test, among other issues, the physics 
of establishing and maintaining a reversed field configuration 
by self-reversal. The consensus of the CRC, and its consultants 
and advisors, is that a large experiment will be required to 
test these ideas and that a device capable of axial currents in 
the several megampere range is necessary. 

However, taking all factors into consideration, a case has 
not been made to initiate a large RFP program in the U.S. at 
this time. 

There are existing RFP research programs in Japan, the U.K., 
Italy, and the U.S. Small devices have been or are operating 
in each country. The U.K. and the U.S. are each fabricating 
moderate sized devices; the U.K., HBTX-1A (0.4 MA) at Culham, 
and the U.S. , ZT-40 (0.6 MA) at LASL. In addition, Culham is 
now awaiting final U.K. government approval of funds to 
initiate fabrication of a new, larger experiment (RFX) with an 
initial current capability of 0.5-1 MA. The Physics of the RFP 
configuration is related to that of other axisymmetric toroidal 
concepts such as the tokamak and spheromak. Some of the physics 
learned from an RFP POP experiment would undoubtedly aid the 
development of such related concepts. 


Stellarator/Torsatron 


The torsatron reactor is a limited alternative to tokamak 
reactors. It has some advantages over tokaraaks such as steady 
state operation (reduced energy storage and transfer problems 
and thermal stress fatigue problems), absence of large ohmic 
currents (eliminates current drive instabilities), large 
aspect ratio (allows modularity and ease of maintenance), and 
a natural "built-in” divertor action. Some of these reactor 
advantages are offset, however, by technological problems 
associated by this concept. For example, modularity dictates 



either a large number of joints in the assembly of the 
helical superconducting coils or removability of the wedge- 
shaped vessel/shield/blanket segments through these coils . 

There might be serious problems with access for neutral 
beams and divertors - While the torsatron coils are 
characterized as being in a force-free configuration, the 
forces on these conductors might be excessive under fault 
conditions* At the moment, the plasma beta limitations are not 
known* Torsatrons might have g's as low as in conventional 
tokamaks (a, a few percent)* 

A primary concern of the CRC with the Stellarator/Torsatron 
concept for a POP experiment was that adequate studies have not 
been carried out to define more carefully the critical issues 
and to improve the understanding of equilibrium, stability 
and transport properties. The general consensus of the 
reviewers was that adequate theoretical and computational 
methods are available which can be applied to study these issues 
in more detail before we embark on a POP program. When possible, 
the results of these studies should be verified first on smaller 
devices in some of the existing facilities throughout the world. 

The following possibilities for action, at least, exist 
for the Stellarator/Torsatron concept: 

(a) Assess and review the feasibility of converting PLT into 
a Stellarator/Torsatron configuration. Such a conversion 
might be a cost-effective way to obtain experimental 
information on some of the physics issues such as 

confinement of energetic particles, bootstrap currents, 
scaling laws, and MHD behavior at an early time. There 
exists extensive operational experience with the PLT 
system and its neutral beams, and with a wide range 
of diagnostics on this device. Such a program, together 
with theoretical and computational efforts, could provide 
significant information on the Stellarator/Torsatron 
approach. 

(b) Carry out theoretical and computational studies in 
specific areas required for clarification of this concept's 
viability for a fusion reactor. The two large-device 
design studies, for TOREX and WISTOR, are near completion* 
These studies include detailed computations for the design 
of the facilities. A comprehensive review of these designs 
should reveal what aspects of the design are lacking in 
relevant information and provide guidance to the next level 
of studies. If these additional studies are encouraging, thei 
a POP experiment should be reconsidered. 



(c) A joint program with the Japanese and possibly with 
other countries can be considered for a large super¬ 
conducting Stellarator/Torsatron experiment® A next 
step in torsatron research beyond the currently 
operating or planned Stellarator/Torsatron experiments 
(CLEO in the U.K., Wendelstein VII at Garching, L-2 
at the Lebedev, and Heliotron—E in Japan) would 
presumably be a large, steady-state device. The 
experimental devices listed above should be adequate 
to investigate the near term physics issues and provide 
guidance for such a next-step facility. The Japanese 
government has shown interest in joint planning (with 
the U • S. and others) of alternate fusion research devices , 
and an advanced Stellarator/Torsatron would be a logical 
concept to consider for this purpose. Possibilities 
should be explored for inclusion of Euratom and Soviet 
Laboratories in such a program because of these 
laboratories' interest and present involvement in 
Stellarator/Torsatron research. Programmatic considerations 
in EURATOM will supposedly result in shutting down CLEO 
in the U.K. and the concentration of European stellarator 
research at Garching. Garching is presently involved in 
studies on the characteristics of the next-step device 
in stellarator research. If all such activities were to 
be coordinated, it should be possible to develop a coherent 
stellarator/torsatron research effort in the world fusion 
community. The exchange program envisioned by the U.S. 
Stellarator Advisory Committee, if implemented, could 
serve as a building block for the international stellarator 
program. 


All of the above possibilities should be considered by the 
Advanced Fusion Concepts Branch as part of its management of the 
Stellarator/Torsatron program. 


Linear Magnetic Fusion 


Fusion reactors based on the linear magnetic fusion concept 
are potentially attractive because of their modularity and 
general simplicity. 


However, such systems suffer from end-loss effects (both 
particle and energy) which are potentially !! fatal flaws 11 for 
the concept, and which can easily result in very long reactors 
(in excess of km). 
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Also s the currently proven method of implosion heating 
of linear systems requires pulsed power systems which 
potentially involve technological problems. The feasibility 
of CO^ laser heating has been demonstrated but not at plasma 
parameters adequate to show its applicability to reactors. 
There are other heating techniques such as rf or e-beam 
heating that could be applicable for LMF reactors but there 
is little experimental information to assess their ultimate 
potential. 

It is the opinion of the CRC that, while the primary 
physics problem is identified (end-loss), the confinement 
scheme to address it is not well enough posed to permit design 
of a POP experiment. There are ongoing experimental programs 
on end-stoppering (material plugs on S-IV-P at LASL, multiple 
mirrors on a 10-m device at UCB, and cusp-end-stoppering at 
the University of Washington); and on CO 2 laser heating 
(MSNW) and rf heating (University of Washington). The 
results from these experiments should be available within the 
next two years, which will help determine whether there is 
a plausible axial confinement technique to be investigated 
at the POP level. Meanwhile, the linear systems represent 
a proven confinement geometry in search of some specific 
inventions to allow extrapolation to the next step. 


IV. Alternate Concepts Program Management 

The management and funding of the alternate concepts program 
within DOE falls within the purview of the Advanced Fusion 
Concepts (AFC) Branch, Division of Applied Plasma Physics, 
Office of Fusion Energy. The staff of the AFC Branch is 
listed below: 


William R. Ellis, Chief 
William F. Dove 
James M. Turner 
Eileen Ruby, secretary 

During the first quarter of FY 1979, the Advanced Fusion Concepts 
program was reviewed and revised in line with the recently 
issued DOE policy statement on the development of fusion energy, 
taking into consideration new developments in fusion. The manageme 
approach followed by the AFC Branch is described briefly below. 
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A. Program Logic 

The program rationale and management strategy for the 
Advanced Fusion Concepts program have been reviewed and changed 
to reflect recent technical advances in the magnetic fusion program 
The program rationale is based upon a high degree of confidence 
that the scientific feasibility of fusion will be demonstrated 
by tokamaks• ETM's confidence in tokamaks is based on a number 
of promising experimental and theoretical results such as the 
recent high temperature experiments in PLT. Consequently, the 
main motivation for research in the alternate concepts area is 
to develop attractive reactor candidates that have potentially high 
commercial payoff and which represent true technical alternatives t< 
tokamaks and mirrors. The alternate concep ts, generally speaking, 
are at a relatively early stage of development, are more 
speculative than the main lines, and have a higher risk of failure. 
The testing of the most promising alternate concepts will help 
ensure that the best possible reactor approaches are available 
for development into commercial reactors. This approach contrasts 
with previous thinking where alternate concepts were largely develo- 
as scientific backups in case tokamaks failed for physics reasons. 

B. Management Approach 

In organizing the alternate concepts, three categories have 
been established which represent different stages of technical 
development, designated as levels 1, 2 and 3. Level 3 represents 
the earliest stage of development, usually a new idea or an idea 
lacking experimental demonstration, where small experimental 
devices are used to provide some early basic tests of the approach. 
Level 2 is more advanced in terms of quality of the experiments, 
theoretical understanding, and reactor descriptions. Level 1 
is a proof-of-principle experiment where most of the important 
dimensionless plasma parameters are in the reactor regime. A POP 
experiment is a high qualify e^erixjpnt with temperatures in the 
kilovolt range and nx =10 -10 cm” sec. (Such an experiment 

would roughly correspond to the scientific equivalent of PLT in 
the tokamak program). 

As a result of the Concept Review Committee evaluations 
described elsewhere in this report, EBT has been selected as 
the first alternate concept to be developed to Level 1. 



Previously EBT would have been designated as level 2. Other 
concept areas presently funded by the AFC Branch are: the RFP; 
linear magnetic fusion (LMF); Tormac; liners; multipoles (and 
advanced fuel cycles); stellarator/torsatrons; and a variety 
of field reversal approaches which are collected under the 
heading of “compact toroids®" There are other ways in which to 
categorize the alternate concepts into groups, but the above 
list has proven to be serviceable. Each of these concept 
areas has been assigned a state of development (e.g. level 2 
or level 3) for management purposes. 

The following is a list of the eight concept areas in 
the alternate concepts program by level of development: 


LEVEL 

i 

• 

Elmo Bumpy Torus (EBT) (in progress) 

LEVEL 

2 

& 

Reversed Field Pinch (RFP) 



• 

Linear Magnetic Fusion (LMF) 




Advanced Fuels/Multipoles (AF/MP) 



• 

Stellarator/Torsatrons (S/T) 

LEVEL 

3 

• 

Compact Toroids (CT) 



• 

Linus 



# 

Tormac 


Priorities have been established for these concepts by the 
Advanced Fusion Concepts Branch, and are regularly reviewed. 

It is our intention for the alternate concepts program 
to be managed in a dynamic way. As definitive research 
results become available for a concept at any level, a 
decision will be made to either advance that concept to the 
next level or to terminate funding. Funding priorities among 
the various concepts will be based on reactor attractiveness, 
commercial potential, and technical and programmatic 
considerations. Periodic evaluations of all concepts at every 
level are conducted to ensure up-to-date information on which 
to base funding decisions. Funding may be terminated for some 
concepts considered less promising in order to provide program 
resources (i.e. funding and manpower) for new and more promising 
ideas. 

As a final comment, we welcome proposals on new or on-going 
concept areas. In accordance with DOE policy, unsolicited propc 
on alternate concepts may be submitted at any time to the Office 
Fusion Energy. 



Office of Fuftion Energy 

LTERNATE CONCEPTS DEVELOPMENT 
PROGRAM 

Meeting 

Summary 

October 16 - 18 , 1078 , beginning at 
... a public meeting will be held by 
'oncepr Review Committee of the 
e of Fusion Energy. Department 
tergy, at DOE, Germantown. Mb. 
he purpose ot gatherum and dis 
ng intormalion on candidalns tor 
1 1" alUrnate concepts. Jiy- alter- 
concept is meani a plasma (on- 
nent approach which does not tall 
n the mainline l.o'e\ir:;ik -a 
Dr fusion prog rams, and which ap- 
> to show promise for a fusion i< v - 
A *e\rl ] all el I*;il e concept i- ii 
pt lor w hit !. pro**! nt p: uu io'e 
teFs. ;t.s deliiiid helm,. v.i»! he 
ed out. Background ndonna: ion 
leta*Is of the meei mg foil*• w 


I. BACKGROUND 

The Office of Fusion Energy (ETM) 
is planning to broad.-a the base of the 
magnetic fusion progiam by filtering 
development of several of the most 
promising alternate fusion concepts. 
As part of this development effoit. 
KIM plans to test one ur two eoneept.i 
experimentally at the proof-oppnne;- 
ple (POP) level. 'This do. urnenl de¬ 
scribes procedures to be u ,cd loi con¬ 
cept selection, and is not to be con¬ 
strued m any way as a lonnal Request 
for Proposals. After concepts have 
been selected, all DOE procurement 
procedures and other regulations will 
be followed in select mg contractors to 
perform actual POP experiments. Fur 
present purposes, a POP experiment 
can be regarded as a hydrogen plasma 
confinement experiment in which 
nearly all of the relevant physics pa¬ 
rameters such as collisionaiity, beta, 
etc., are near enough to the reactor 
plasma regime to allow a reasonable, 
extrapolation. Such judgments are 
subjective, and specific lequirements 
will vary from concetti to concept. 
Typical plasma conditions for such an 
experiment might be an ion tempera 
tin e in the KeV range and an nr prod¬ 
uct of 10 u to 10“ cm 1 s*'c. 1 lu* 1 abrica- 
lion of POP experiments in this alter¬ 
nate concepts development program 
would be initiated hi fise.il year 197 u 
and completed by late fiscal year 1902 
or early 1983. Alternate concepts 
which are to be tested at the POP 
level will be referred to as “level F‘ 
concepts. 

in addition to level 1 concepts, one 
or more concepts cut rently in a less 
developed research stage, which are 
not ready for a POP experiment, may 
also be selected for an accelerated de¬ 
velopment program. These concepts 
are identified as level 2 concepts. Some 
research on new concepts, or concents 
in a more exploratory stage, i.e. level 3 
concepts, will also be supported. An 
expected result of this selection proc¬ 
ess is that research on concepts con¬ 
sidered less promising will be reduced 
or terminated. 

ETM s alternate concepts program is 
the responsibility of the Division of 
Applied Plasma Physics (DAPP), and 
within DAPP, of the newly {ounce Ad¬ 
vanced Fusion Concepts (AIVi 
Branch. I.cvel 2 and level 3 concept se- 
iet uons will be carried out by the AFC 
branch during coming months as part 
of «tx ovem'.l program responsibility in 
the alternate concept area. Cnmndat e 
concepts for level 2 end level 3 devel¬ 
opment wd! include, h-.u no» be limited 
to. all confine mu.! . pproai hes pp*s- 
entlv supr.orh-n m AFC p*eeiain\. Tim 
selection piece »s lor POP level 1 ex¬ 
periments i ■» described bmow. 


II Concepts To Be Considered i 
Advanc ement to the POP Levk 

The selection of concepts for 
vancement to the POP stage w: 
made trnm among tno-.e con. 
which possess sufficient cFfnniu. 
critical i.ssues to allow speciBeat :o 
rietmirive tests. The met 1 axis am 
term by which this selection wi 
made arc described in llie \Oho 
sections. It should be noted tha' 
selection process described fieri 1 
be a selection of concepts to he d 
oped, and not a selection of either 
Uvular experiments or particular 
tractors. Presentation by inter, 
parties is invited its one type of i 
foi ETM in formulating its pohen 
guarding the development ol altei 
concepts. Appropriate supporting 
periments, theory, component dev 
ment, and reactor studies will be 
uteri its necessary to develop Cum 
POP level 1 progi ain.s alter eon 
have been selected. 

Only concepts timt currently h; 
physics data base v. Iv.eh is deemef 
iicient to allow design of a PO! 
perimenr which has a rc-a:enable 
ability of providing a definitive U 
that concept will be considered at 
time. A concept requiring an mtt 
di.ite experiment to define cr 
issues before a POP si/.ed experi 
tul test of these issues could b< 
signed wiii not be considered as a 
didale. (Such concepts may fit 
rally into A PC development plaj 
level 2 or level 3 activities.) in 
lion, any concept determined by I 
ous DOE. ERDA, or AEG review 
technically unsound or not havini 
ficient potential ior a viable fusic 
actor will not be considered. 

III. Procedures To Select Conci 

Evaluation and recommendatio 
candidate concepts will be made 
Concept Review Committee cons' 
of members of DOF’s Office of F 
Energy. The Committee wil. 
chaired by the Duecior of the Dh 
of Applied Plasma Physics. Va 
Federal Goveminent represent 
(for ex vruplo representatives 
Energy Technology, Office cf Ej 
R esearch, end National Science j 
datiou; v’ih be invited to auend i 
ficio. TIu 1 Committee plans to nu 
rei'omnund.ttions to the Prograi 
u-c f ur, OR ice of Fusion Energy, b 
tuber 27, 1978. A mure detailed s 
ule is givtn below m sect ; on VI. 

A small group of technical c. 
tants will aid the Committee, p: 
:ly in evaluating pb.ysK s and to' 
ogy roues. With the aid of the ci 
tains, each concept, will be eva! 
by the Committee. The Ccmr 
will ihen Kwmuhr.e iv^onii'iei. •« 
on initiation 01 an arruVe r n 
levei 1 program te the ETM p*t 
cinector. It should n* noted ?h. 
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NO TICcS 


iaisom t irnmvuet: ny i: v 
ii;s!.hi ! ' *? •» in •: i: d * * sign'd It .ml 
ige** !U i hi ..ru Iiipii’t nt p* - s:r 
self end u-n-P- ‘r m those sag* 
•d by t\i ;r opunents. m o:d«r to 
m.,»* ’lie out ail fusion R&D 


Insi nut s i on*> i<>»r Pti-sen * ations 

to it i k Comm i vThri 

input tc its dt n- urns, ! he Com- 
et* will consider plans and sugges- 
i for concept deveiopmeul v. Inch 
pif.sf-ntfd to K by proponents of 
\a: ions candidate concepts. Pres- 
11 (i 11 of matena! to the Committee 
occur by two means' Written sub- 
ions ami oi al pi esenidticns before 
Committee during the October 16 
meeting. Written submissions 
ild reach the Committee by Octo- 
7. 1973. Technical considerations 
time constraints may limn the 
her arid duration of oral pi xsenta- 
s to the Commit tee. 

1 of the selection criteria nvn- 
ed In section V of this notice 
ild be dealt with In the written 
niasions. It may be possible to 
r only a part of th* sc criteria in 
time available for oral presenta- 
s. The oral presentations should 
eforc be organized to present the 
t important information for the 
vpt; belaboring obvious points 
ether strengths or weaknesses) will 
be the most effective use of time, 
iggcst ed format for oral and writ- 
presentations is given below: 

iM-.T Guidance, for Presentations 
to Committee 

Brief description of the reactor embocil- 
t to be ext i acted from t he 1977 AlH-r- 
Concepts icport. If applicable. To in- 
e: 

(Specific reactor advantages; 

> Plasma pnrameteis: and 
1 Operational scenario tstai t-up, refuel- 
CjuenchmR. etc.). 

Description of the present state of re¬ 
cti and Hie existing physu-s data ba.se. 
jdmg international efforts. To include - 
) Experiments currently in operation, 
their parameters; 

) Experiments currently approved and 
er fabrication (expected plasma param- 
s and dates); 

) Status of theory: and 
i Sc aling laws -overview. 

Discussion of primaly physics pioblcms 
[ need to be investigated In the next 
■es of development. 

Description of the POP experiment fa- 
y: 

) Pr'Timlrrrv ronrrptual design; 

() Dt vu < parameters. 

, Expected plasma parameters; 

I) Required teehnulogy and auxtliari sys* 
s; and 

) Cost and sr licdnle. 

Extui internal program: 

.) Specific physics h.xtu.s to be Investigate 


. ( s x ot mi-dduahoi w.u i. 

nugm mu.<w 

^ Divjv ,ion of re!;Uion of t his POP c 
pm.nent to Hu- m.unnnr fusion prugi Ain ». 
i.r t<»i- .i rusks ar.d minors. 

• .S'.rgt •! ed P.u un drv iec.s aiui eutji 
ceu (•;>: d» vi lopmenl plan. 

Com i pi development plans should 
include* a .VM-rintion o r pa: h pi< y‘ni. 
and pi.mm d devices for Urn cones pt 
uadt-r considera* inn. with a ch ar de- 
.< ript ion of ci it ii al i:. ue. to b»* ni¬ 
di e.^.n! in earn device, in addition, 
there should be an no.xe.ssiru nt ot the 
uutld-v.idr research effort in tin* t in¬ 
cept a u a, and a speedieation of the 
cost, si ! tedule. pei foi mance par; m- 
eters. and hardware desrripfion of the 
pi o posed experimental fan lily. Clear¬ 
ly, a d'Mailed EOF experimental device 
design will not be available fu» th,.-* 
evaluation unless it was prepared at an 
earlier date for another pui p*>st. 
Therefore, only a rouph estimate of 
device rharaeteristies and operating 
paramelt rs nny exist. However, the 
estimate's must, bt justified on the 
basis of previously measured «\p«*t i- 
mental data or reasonable theoretical 
estimates. The deviet' hardware and 
associated power supplies must oe 
speedied sti 1 ficic'nt ly well to allow 
judgment of component development 
requirements. 

All persons attending the meeting 
will have until October 23. 197H # to 
submit written comments on anv of 
the concepts presented at the public 
meeting. 

V. Concept Evaluation Criteria 

The review of candidate concepts 
will be based on examination of tiu- re¬ 
actor desirability of the concept, confi¬ 
dence in achieving the critical physics 
tests, confidence in fabrication and op¬ 
eration of components of the POP ex¬ 
perimental device to speeilication. and 
the relationship of the suggested POP 
expeiiment to the overall program 
plan tor the concept. Cost and sHied- 
ule Information will also be consid¬ 
ered. 

One source of information far the 
Committee will be the Alternate Con¬ 
cepts Evaluation conducted by ETM in 
1977 (ETM report “An Evaluation of 
Alternate Magnetic Fusion Concepts— 
1977T DCE/LT-0047 (May If 76'). 
New information developed sine#.- the 
IP* 7 ? evaluations, and also studRs of 
alternate concepts by other groups 
such as the Electric. Power Research 
Institute (EPUT), will be considered by 
Die Committee. In conducting" its 
review, the Committee wall give* appro¬ 
priate weighting to the varying ^tnle 
of t-xioing knowledge for the eon- 
c» pts. The committee will consist -t the 
various items of requested infonrtatlon 
from presen teres (see sectmra IV 


j.,p n,to ' h: • « cat-M'MiU'.v T*.*ehr 
j j.stu s {.->« <* V.A. V.H V O resou'C** 
.idt rat ions (V L)>. ami piogirumr 
i.,. ues. inclu ‘m,; a concept drvi 
ment plan (V 1C). In mot c dot an: 

A. P.EAr iOR DEmIRAIHLITY 

'I ho concepts should exhibit 
(* t j e , that cm: Id br dev doped im 
n 11 »*. rth e fusion reactor syMr'p h 
tu,* lb liability Wth b(‘ an impot 
c i iterion in the sel< c> ion pmt ('• 
time dole ior compk-ung th«* eoi 
review procedure is i*• Intiv<■ ly t 
and there will be no opporlunh 
gt-nemte new react or st corns. T I 
fore. * he (.valuation will be mad 
the basis of existing information, 
i eeenf alternate concepts rc 
DOE/ET-0047, which will be aval 
lo the Committe,*. con rains reactc 
sc riptions of the com opts evaluaf 
well as the results of the evalu 
itself. Consideration will not b 
rUncled to concepts covered in 
report. 

B. Evaluation of the Apu rr 

Achieve Tests u Critical Ph 

Issues 

The evaluation by he Cr .irn.it v 
the confidence which ^ . be plac 
the proposed POP experiment t 
dress critical physics issues fo: 
cond'pt in a definitive way wi 
based on examination of phy r U 
sumptions with respect to flic pi 
data base and existing theory hi 
as the possible limns imposed o 
pt'rformance of the experiment 
technology. The iss ues to be exa; 
include equlhbrium and sta 
transport heating, impurities, 
fueling. 

C. Evaluation of Tf.ciinolog 
Confidence 

The evaluation of the techr 
conlidenc.e for i he concept w 
based on an examination of indi 
comporu'nts for development, rc 
ments beyond proven technolog 
termed iate (non-reactor-rch 
technology will be acceptable (bi 
preferred) for the POP experirn 
a reasonable progr.un plan cm t 
sen ted to indicate how Die react 
evant technology can be d('vclop< 

D. Cost and Schedule 

Fabrication schedules will he 
ined particularly for critical 
items that may potentially res 
delays. Rough cost estimates < 
POP experiments, including d* 
merit costs, will he examined fo 


IL Relationship to Concept 

L)EVELOi’MLNT PLAN 

Each proposed POP experiment will 

be evaluated on the ba..is of its trla- 
Lionship to past, present, and planned 
experiments described in the request¬ 
ed development plan for the concept. 
Some questions to be considered by 
the Committee aiv: Dot's the suggest- 
ed experiment const it ute a true POP 
test? What supposing experiments in 
the U.S. or other countries are oper¬ 
ational or planned that can contiibute 
to the development of the concept? 
Recognizing that signil leant informa¬ 
tion about a concept can be gained 
from experiments on a different con¬ 
cept, can Che proposed experiment be 
expected to provide a significant ex¬ 
tension of plasma parameters and new 
physics knowledge beyond that ob¬ 
tained in other experiments which are 
either operational or under fabrica¬ 
tion? 

VI. Schedule for Concept Selection 

All persons or organizations wishing 
to make an oral presentation to the 
Committee at the October 16-18, 1078 
meeting, are requested to notify ETNl 
in writing by September 5, 1078, so 
that a timely agenda can be prepared. 
This notification should include a 
short (no more than one page) sum¬ 
mary dt script ion of the POP experi¬ 
ment to be described to f lie Committee 
with basic objectives, par a meters, cost, 
and schedule. An agenda will be pre¬ 
pared based upon l lie responses. Tech¬ 
nical considerations and time con¬ 
straints may limit the number and du¬ 
ration of oral presentations. A 1 airly 
tight schedule for oral presentations 
at the October meeting is anticipated. 
Participants will be notilied by ruld- 
Septemtx-r. 

An estimate of the attendance at the 
October meeting, including observers, 
is needed. If you plan to attend, please 
notify ETM by Septemb* r 15 so that 
plans can be made for a suitable meet¬ 
ing room. 

Review Schedule 


# ETM Initial mailing of an¬ 
nouncement.... Aug. 11. 1878. 

m KTM announcement in Feder¬ 
al Klcisteh . Approximately 

Aug. 38. 1978. 

A Person* d« siring to make oral 
presentations notify FTM and 
submit summary descriptions of 
POP experiment. 6cpt. 5. 1978. 

A Tentative rvh on*. . Sept. 15, 11)76, 

A In rsoti i planum* to intend 
nMifyKrM. Ho. 

A ETM rect■*.»•*» written suhniib- 
sfotis for cominiiu r . Oet. 7. l»7fl. 

A Public nu-Hirut-roinmiUrt* 

hears oral presiin 1 a!ions. Oct. 16 18,1978. 

A FT M receives comments fnun 
am ndees. Oct. 23. 1978. 

A CnminiUee makes rrconimen- 
datums U> ETM duectur. Oct. 27. 1978. 


Communictions may be addressed to 


Fusion Concepts Branch, Division of 
Applied Plasm.i Physics, Other of 
Fusion Energy, U.8. Departmen! of 
Energy, Washington. DC. 205*15. trie 
phone: I-TS 232 3003, ComnuTriu i 
Area Code 301-353 3503. oi to any 
member ol tin 1 Advanced Fusion Cun 
cepts Branch If Dr. Ellis is unavail- 
abl<‘. 

Issued in Washington. D.C , August. 
24, 1078. 

William S IJi.m.i.HNa.n, 
Dirrctm of Administration. 

I FH Doc. 78 24 388 Filed 8 20-78, 8.45 anti 











APPENDIX B 

OPENING REMARKS BY CRC CHAIRMAN 


Tf My name is Jim Decker and I am from DOE's Office of Fusion Energy® 

I would like to welcome all of you and thank you for coming to participate 
in DOE's Review of Alternate Magnetic Fusion Energy Concepts® The purpose 
of this meeting is pretty well described in material that was sent to most 
of you and also in an article that appeared in the Federal Register® If 
you do not have copies of either the material that we sent out or the 
Federal Register article, there are copies of the Federal Register article 
available* Before we start on our agenda this morning, I would like to 
review some of the rationale for what we are doing to help bring some 
perspective to the meeting. 

The Department of Energy's recently established policy on magnetic 
fusion energy places emphasis on accelerated development of a few 
promising alternative magnetic confinement concepts so that comparisons 
can be made between those alternatives and tokamaks and mirrors in the 
mid-1980's* 

What do we mean by concepts that are promising? In light of recent 
results from the tokamak program, particularly the PLT results, the 
fusion community and the Department of Energy are confident that 
breakeven conditions or scientific feasibility will be demonstrated by 
tokamaks. In other words, we feel that it is very unlikely that an ^ 
alternative concept will be needed to demonstrate scientific feasibility• 
Consequently, when we say promising alternatives we mean those concepts 
that show the most promise of providing significant advantages over 
tokamaks and those concepts in which we have a reasonable degree of 
confidence in their successful development• 

In order to make realistic comparisons between alternative concepts 
and tokamaks and mirrors in the mid-1980 s, it will be necessary to 
establish a sound scientific data base for the alternative concepts to^ 
make those comparisons. It is clear that between now and the mid-1980's 
some real experimental tests of some of the alternate concepts are needed 
We call these real tests physics proof-of-principle experiments. It is 
probably not possible to define proof-of-principle precisely in a way 
that would cover all magnetic fusion concepts. On the first viewgraph, 
we have attempted a rough definition. In such an experiment, most of 
the important dimensionless parameters would be in the reactor regime. 
Some examples of important dimensionless parameters might be collisionali 
the ratio of Larmor radius to a plasma dimension, etc. For most concepts 
this requirement is likely to lead to plasmas withj. jon temperatures in 
the kilovolt range and n ^ in the 10 to perhaps 10 range * T e proo o 
principle experiment might be looked at as the scientific equivalent of 
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PLT in the tokamak program. For most concepts a proof-of“principle 
experiment will be a sizeable undertaking. Consequently, it is 
necessary to initiate proof-of-principle experiments in the next 
couple of years if concept comparisons are to be made some time in 
the mid-1980's. 

We have organized our initiation of proof-of-principle experiments 
into a two-step process as shown in the next viewgraph. The first 
step is concept selection which is essentially the making of policy 
within the Office of Fusion Energy and DOE. The second step is 
contractor selection for fabrication and operation of actual experiment 
Any proposals for new work in alternate concepts received before the 
concept selection is completed will not be evaluated• In fact, it is 
our intention not to even read such proposals during this period• 

After concepts have been selected, all DOE procurement procedures and 
other regulations will be followed in selecting contractors to perform 
actual POP experiments. At the present time, we are working on the 
first step, concept selection only. This meeting is part of that proce 

The organization of our concept selection process is shown in the 
next viewgraph. This present review of alternate concepts for Level 1 
or Proof-of-Principle Experiments is being conducted by what we call 
the Concept Review Committee. This Committee consists of DOE personnel 
I will list the membership of that Committee later. The Concept Review 
Committee will make recommendations to the Director of the Office of 
Fusion Energy, and it will be the responsibility of the Director of tha 
Office to make the final decision on concept selection. The Concept 
Review Committee will make its recommendations based on input from 
proponents of various concepts, a group of technical consultants, some 
internal DOE advisors, and from the public. 

The next viewgraph shows the membership of the Concept Review 
Committee. I am chairing the Committee. Other members from the Office 
of Fusion Energy include Bill Ellis, Chief of the Advanced Fusion Conce 
Branch, Bill Dove and Erol Oktay, both of whom work in Bill Ellis' bran 
We also have Ron Kostoff from the Office of Energy Research and Jim May 
from the Office of the Assistant Secretary for Energy Technology. Our 
advisors are all from the Office of Fusion Energy. They are listed 
on the next viewgraph. Each of the divisions within the Office of Fusi 
Energy are represented. 
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The next viewgraph lists our technical consultants. We have a 
mixture of plasma physicists, engineers and utility representatives. 

The schedule for the concept review is shown on the next viewgraph. 
We have completed all of the items down to the third from the bottom 
which is where we are today. Any comments that any of you may have 
should be sent to us in writing so that we receive them by October 23. 

The Concept Review Committee will make its recommendations to the 
Director of the Office of Fusion Energy by October 27. However, the 
recommendations will not be made public at that time since further 
internal DOE review of the selection process will take place. 

Some of you may be asking yourselves what are the possible outcomes 
of this review. 

It seems to me that there is a wide spectrum of possible recommendat 
that the review committee could make. Perhaps one extreme is that severa 
concepts are highly promising and are ready for immediate POP tests. The 
other extreme is that none of the concepts are ready or perhaps sufficien 
promising that a POP experiment should be initiated at this time. Of cou 
a large number of recommendations between these two extremes are possible 
Let me assure you that DOE is taking this exercise very seriously and hop 
to be able to move ahead with the alternate concepts program in a vigorou 
fashion. 

Some of you may be wondering what will happen to our present alterna 
concepts program if a decision is made to proceed with one or two large 
experiments. It is my expectation that the program will become somewhat 
more focused and research on some concepts considered least promising may 
be significantly reduced or terminated. However, it is not our intention 
to concentrate solely on those concepts at the level 1 or POP stage. We 
will also continue to support research on some promising concepts that 
are at Level 2, i.e. , they are in earlier stages of development. I want 
to remind you that we are not considering concepts for Level 2 research 
at this time, but only level 1 POP experiments. 

That concludes the remarks that I wanted to make this morning. I lo 
forward to a very interesting three days of presentations. Phil Stone wi 
act as the presiding officer for the remainder of the meeting. I have as 
Phil to assume this task so that I and other members of the Concept Revie 
Committee can concentrate on the presentations and pertinent discussions. 
In a similar spirit, you should recognize that members of the Concept Rev 
Committee will not be available for discussions that are not directly 
relevant to this review. fl 



RECOMMEND ATI OKS OF THE CONCEPT REVIEW COMMITTEE ON 
SELECTION OF ALTERNATE CONCEPTS FOR PRQQF-OF-PRINCIPLE PROGRAMS 


Introduction 

The recently announced DOE policy on the development of fusion energy 
places increased emphasis on the testing of promising alternate 
concepts. More specifically, this policy suggests comparisons of 
promising alternatives with tokamaks and mirrors in the mid-1980 1 s. 

In order to make these concept comparisons, it is necessary to greatly 
extend the scientific data base for the alternate concepts toward the 
reactor regime to provide significant experimental tests. These 
significant tests have been designated as proof-of-principie (POP) 
experiments and have most of the important dimensionless parameters 
in or near the reactor regime. A POP experiment f or an alternate 
concept can be considered the scientific equivalent of PLT in the 
tokamak program. 

A DOE Concept Review Committee (CRC) was established to examine candidate 
concepts for POP experiments and to make recommendations to the Director 
of the Office of Fusion Energy on concept selections for initiation of 
POP experiments to begin operation in 1982-1983. The Office of Fusion 
Energy solicited nomination of concepts for POP consideration from 
contractors, noncontractor institutions known to be interested in 
magnetic fusion and the general public via mailings and with an 
announcement in the Federal Register. Written material on candidate 
concepts was submitted to the CRC and its advisors and technical con¬ 
sultants by proponents and other interested parties . Oral presentations 
were heard from concept proponents in a public meeting on October 16-18, 
1978. A wide spectrum of recommendations seemed possible — one extreme 
being that several concepts are very promising and are ready to make the 
move immediately to a POP experiment; another extreme being that no 
concept is sufficiently advanced or promising to be recommended for a 
POP program at this time. The whole spectrum of possible recommendations 
between those two extremes was considered. 

Following the public meeting, the technical consultants and advisors 
provided technical advice to the CRC by answering specific questions on: 
(1) the reactor desirability of the concept, (2) the physics and 
technology conf idence for both the reactor and the POP experiment, and 
(3) cost and schedule data for the POP experiment. Based on consideratic 
of these three areas and some programmatic issues, the CRC has developed 
the findings and recommendations contained in this document. 

Discussion of Results 

A total of nine concept areas were presented to the CRC for consideratioi 
These nine were the: 
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(1) Elmo Bumpy Torus (EBT) 

(2) Torsatron/Stellarator 

(3) Reversed Field Pinch (RFP) 

(4) Linear Magnetic Fusion (LMF, including solenoids and wall confined 
linear multiple mirrors) 

(5) Ion Rings 

(6) Pyrosphere 

(7) Diwellor 

(8) Plasma Mantle-Kernel (PMK) 

(9) Multipole/Surmac 

The EBT, torsatron/stellarator, RFP, and multipole/Surmac had more than 
one institutional proponent and in these cases different approaches to 
the POP experiments were discussed. The CRC believes that all alternate 
concepts which are serious contenders for a POP-level test at this time 
were considered in this review. 

Our evaluation of the candidate concepts resulted in a division of the 
concepts into three categories: (I) concepts judged to be potentially 
eligible for a POP experiment by an overwhelming majority of the CRC 
and its consultants and advisors, (II) concepts where readiness for 
POP experiments at this time is more questionable, and (III) concepts 
judged definitely not ready for POP experiments. The recommendations 
and discussions which follow are limited to those concepts potentially 
ready to proceed to a POP experiment now, i.e., concepts in categories 
I and II. Our findings are that two concepts (EBT and RFP) fall into 
catecorv 1, and two concepts (torsatron/stellarator and LMF) fall into 



The remainder of this report will concentrate on the concepts in 
category I, namely EBT and RTF. These concepts have been examined 
critically in three areas: 

• Reactor desirability of the concept 

• Confidence in physics and technology assumptions for the proposed 

POP experiments 

• Programmatic considerations 

In assessing reactor desirability f the following issues, among others, 
were considered: (a) special features of the reactor, (b) special 

considerations for advanced fuels or fusion/fission applications, 

(c) overall assessment of reactor attractiveness, and (d) comparison 
with existing tokamak reactor designs. (With regard to the latter, 
the perceived problems of tokamak reactors as identified in the 
September 1978 DOE policy statement on fusion were specifically 
considered and addressed.) 

A. EBT Discussion 


We conclude that EBT offers a number of features that potentially 
may lead to an attractive fusion reactor. Among these are: steady 
state operation, modularity, easy access for maintenance, simple 
magnetics, absence of axial current (i.e. 8 removal of one source of 
free energy) , absence of disruptions, and potential availability of 
several heating options . Some disadvantages of an EBT reactor are: 
scaling laws which may preclude small unit sizes (i.e., less than 
750 MWe), possible difficulties with ash and impurity control which 
could preclude steady state operation, and the necessity of driving 
the rings continuously. The EBT reactor was judged to be attractive 
in D0E ? s 1977 evaluation of alternate concepts and was again judged 
to be so by the CRC’s consultants. The EBT reactor shows promise 
for overcoming some of the alleged disadvantages of tokamak reactors, 
namely pulsed operation, poor access, and difficult maintenance. 

Examination of the proposed POP experiments indicates that the 
critical physics issues of the EBT concept are well defined and that 
the POP experiment can be designed to test all or nearly all of the 
critical issues. Further important experimental results from BBT-S 
are expected in the near future. The main technology concern of the 
POP experiment which could adversely affect the schedule is the 
development of high power, high frequency O100 GHz) CW gyrotrons 
for electron cyclotron plasma heating (ECRH). 
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There are several important programmatic considerations associated 
with initiation of an EBT POP experiment. At the present time, only 
two bumpy torus devices employing EBT features exist, EBT-S at ORNL 
and a bumpy racetrack device at Nagoya, Japan. The U.S. program 
has pioneered this concept and to our knowledge there are no plans 
to initiate large POP-type EBT experiments in other countries to 
make major contributions to the development of this concept. There 
are several spinoffs from an EBT POP experiment that would benefit 
the rest of the U.S. magnetic fusion program: (1) the high frequency 
gyrotrons would be useful for tokamaks and other concepts; (2) 
operation of a significant sized toroidal system with superconducting 
toroidal field magnets would benefit other toroidal concepts; and 
(3) steady-state operation of a confinement device with hot fusion- 
grade plasmas would address physics and technology issues associated 
with long-pulse device operation. 

B. RFP Discussion 


The RFP was examined similarly. An RFP reactor was f ound to have 
certain attractive features such as the possibility of ohmic heating 
to ignition, batch burn capability (which eases refueling and ash 
removal), low stresses on the superconducting coils, better 
accessability than tokamaks, and low probability of disruptions. 
However, there are some offsetting disadvantages: a single heating 
method (ohmic) with no viable backups at this time, the requirement 
of an efficient energy transfer system, the need for feedback control 
during startup, the close proximity of the Cu shell to the plasma, 
anticipated difficulties with cyclic fatigue, and uncertainties in 
how to control wall impurities. The net result is that, while the 
RFP reactor may offer some significant alternatives, it does not 
appear to offer clearly substantial engineering advantages over 
tokamaks. This assessment could change if RFP physics experiments 
prove very successful and/or innovative engineering designs improve 
the reactor configuration. 

The RFP POP experiment as discussed by LASL personnel, would test, 
among other issues, the physics of establishing and maintaining a 
reversed field configuration by self reversal. The consensus of 
the CRC, and its consultants and advisors, is that a large experiment 
will be required to test these ideas and that a device capable of 
axial currents in the several megamperes (HA) range is necessary. 

LASL is recommending an aggressive experiment in the 6 HA range. 



There are existing RFP research programs in Japan, the U.K. , Italy 
and the 13.S. Small devices have been or are operating in each 
country. The U.K. and the U.S. are each fabricating moderate sized 
devices; the U. K ., HBTX-XA (0.4 MA) at Culham, and in the U.S. ZT-40 
(0.6 MA) at LASL. In addition, Culham is now awaiting final U.K. 
government approval of funds to initiate fabrication of a new, 
larger experiment (RFa) with an initial current capability of 0.5-1 MA. 
The physics of the RFP configuration is related to that of other 
axisyxnmetric toroidal coneept s such as the tokamak and spheromak. 

Some of the physics learned from an RFP POP experiment would 
undoubtedly aid the development of such related concepts. 

ecommendations 


EBT 

In the alternate concepts program, the CRC finds the EBT to be 
the most ready for a POP test at this time. We find the EBT to be 
a truly alternate toroidal concept, and to have desirable reactor 
features that potentially make it more attractive than a tokamak. 

We believe that an EBT POP experiment will provide several important 
programmatic benefits to the rest of the fusion program, through 
operation of a steady-state, hot plasma confinement device, operation 
of superconducting toroidal field magnets, and the development of 
high frequency and radio frequency heating . The CRC thus recommends 
initiation of an aggressive but systematic course of action leading 
to an EBT POP experiment. We recommend (1) expansion of the existing 
theoretical, experimental and reactor study programs, (2) initiation 
of design activities for an EBT POP experiment, and (3) support for 
the necessary gyrotron development. 

The ideal size and form for an EBT POP experiment remains to be 

determined. We recommend that design studies proceed assuming that 
the scheduled near-term EBT-S scaling studies and Aspect Ratio 
Enhancement (ARE) coil tests will be successful. The design studies 
should allow for ECRH heating and also direct ion heating capa¬ 
bilities, including rf and neutral beams. The possibility of an 
early test of rf ion heating on EBT-S should be examined . No funds 
should be committed to POP device fabrication until all device options 
have been thoroughly examined and agreement is reached on basic 
design features• A thorough peer review of the proposed POP experi¬ 
mental facility should be conducted. The most expensive of the EBT 
POP designs considered by the CRC was the one by ORNL, with POP 
experimental facility and gyrotron development costs estimated at 
between $S0M and $70M over 4-5 years. We recommend that all available 
cost-saving methods be given close scrutiny, including technical 
descoping options and utilizing existing buildings, to reduce the 
required DOE funding commitments. 
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B. RFP 

The CRC finds the RFP to be less attractive overall than the EBT 
as a reactor concept. The RPP does offer the potential advantage 
of ohmic heating to ignition, and is of considerable interest from 
a physics viewpoint. Specifically, the RFP configuration is near 
a minimum energy state for the combined plasma/magnetic field 
system and may well provide important, fundamental information on 
axisymmetric toroidal confinement configurations (of which the 
tokamak is one) which could change our approach to reactor designs 
for such systems. However, taking all factors into consideration, 
it is our recommendation not to initiate a large RFP POP program 
in the b.S. at this time. 

Because of its potential contribution to•the fusion program, we 
recommend that research on the RFP be continued at LASL with the 
completion and operation of the ZT-40 device. The Advanced Fusion 
Concepts Branch will work with LASL to reexamine the goals of 
ZT-40 to assure maximum relevance to the RFP program as it is 
now understood. Future RFP devices in the b.S. would be dependent 
upon results from ZT-40 and the world-wide status of the RFP 
concept. 

In the ILK. the RFX device at Culham (estimated cost ^$20M) is 
awaiting final approval. The next step in the RFP program, beyond 
ZT-40 and HBTX-IA, might be adequately filled by RFX, either as 
presently designed 0< 2 MA), or possibly upgraded for operation at 
2-4 MA. We recommend that cooperation between the U.S. and the 
U.K. (or Buratom as appropriate) be explored for RFP research and 
RFX in particular. A wide range of cooperation should be considered. 
At a minimum, personnel could be exchanged. A maximum cooperation 
might include direct ILS. support for RFX in the form of diagnostics 
or other hardware items as well as personnel. If a substantial b.S. 
contribution to RFX is to be made, the CRC recommends that a 
redesign of RFX to carry up to 3-4 MA be considered as a step to 
ensure a true POP-level test of the concept. Such a cooperative 
arrangement might solidify a large RFP experiment for the worldwide 
fusion effort with a relatively modest expenditure of b.S. 
resources. 
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